Calcium transport in bovine sperm mitochondria: effect of substrates and phosphate.
Calcium uptake into filipin-treated bovine spermatozoa is completely inhibited by the uncoupler CCCP or by ruthenium red. Both Pi and mitochondrial substrates are required to obtain the maximal rate of calcium uptake into the sperm mitochondria. Bicarbonate and other anions such as lactate, acetate or beta-hydroxybutyrate do not support a high rate of calcium uptake. There are significant differences among various mitochondrial substrates in supporting calcium uptake. The best substrates are durohydroquinone, alpha-glycerophosphate and lactate. Pyruvate is a relatively poor substrate, and its rate can be greatly enhanced by malate or succinate but not by oxalacetate or lactate. This stimulation is blocked by the dicarboxylate translocase inhibitor, butylmalonate and can be mimiced by the non-metabolized substrate D-malate. The Ka for pyruvate was found to be 17 microM and 67 microM in the presence and absence of L-malate, respectively. The Ka for L-malate is 0.12 mM. It is suggested that in addition to the known pyruvate/lactate translocase there is a second translocase for pyruvate which is malate/succinate-dependent and does not transport lactate. In the presence of succinate, glutamate stimulates calcium uptake 3-fold, and this effect is not inhibited by rotenone. In the presence of glutamate plus malate or oxalacetate there is only an additive effect. It is suggested that glutamate stimulates succinate transport and/or oxidation in bovine sperm mitochondria. The alpha-hydroxybutyrate is almost as good as lactate in supporting calcium uptake. Since the alpha-keto product is not further metabolized in the citric acid cycle, it is suggested that lactate can supply the mitochondrial needs for NADH from its oxidation to pyruvate by the sperm lactate dehydrogenase x. Thus, when there is sufficient lactate in the sperm mitochondria, pyruvate need not be further metabolized in the citric acid cycle in order to supply more NADH.